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Progress report for AFOSR-017], "Eye movements and vir al information processing", April 1,
1989-March 31, 1990. PI: Eileen Kowler

Abstract. The research performed extended our understanding c-ý the visual and cognitive
process controlling saccadic and smooth eye movements, and the ie of these eye movements
in visual information acquisition. Experiments showed that: (1) '4accades are biased toward
likely locations of targets, suggesting that previous reports of 'cLpter-of-gravity'
reflexes are actually due to search or attentional strategies; (2) saccades can be directed
to spatially-extended targets with an accuracy and precision as good as Lhose found for
single point targets; (3) predictive smooth eye movements are caused by cognitive
expectations about future path of target motion, not by learned oculomotor habits; (4) slow
control is not sensitive to position error; (5) smooth eye movements are sensitive to the
expected direction of future target motion; (6) strategies of scanning the boundaries of
difficult texture patterns are more effective than strategies of scanning the symmetric
axis; (7) normal reading is carried out by a coordinated pattern of eye movements and head
movements.

Summary of progress

1. He and Kowler (1989) demonstrated effects of location probability on saccades.
This paper challenges previous ideas that tendencies to make saccades to the center of a
stimulus configuration, containing a target as well as irrelevant background stimuli,
represent automatic sensorimotor averaging reponses. We found that the so-called
"centering" or "averaging" saccades occur only when subjects are uncertain about where the
target is located. Centering responses, theretore, represent visual search strategies
rather than ocuiomotor reflexes. We reject models of saccadic control featuring parallel
subsystems (one voluntary, another reflexive) in favor of a serial model in which a
selection stage is followed by automatic computation of the saccadic command to bring the
line of sight into the selected (attended) spatial region. The serial model (unlike the
parallel models) guarantees that the line of might will be directed to regions of interest
rather than being drawn to large or intense (but nevertheless unimportant) areas in the
visual field.

2. He and Kowler (submitted me), following up the experiments described above,
studied the ability of subjects to direct saccades to designated locations within eccentric
forms. surprisingly, this situation has not been studied before, with investigators
preferring unnatural targets, such as points or crosshairs, where the desired endpoint of
the saccade is clearly marked. We found that subjects can direct saccades accurately and
precisely to locations within forms. Saccades directed to the "whole form" tend to land
near the center. The results, which show that the line of sight lands in the center of the
selected target region, are consistent with the 2-stage aerial model described above.

3. Kowler (1989) showed that anticipatory smooth eye movements are genuine responses
to cognitive expectations about the direction of future target motion rather than automatic
tendencies to repeat previous pursuit responses. (Most existing models of predictive
tracking are based on the latter assumption.) This result implies that central
representations of expected target motion are as powerful an Jnput to pursuit as "real"
(i.e., sensory) motion signals.

4. Kowler et al. (1990) studied movements of the tioad and eye during reading and
during visual scanning. We found thati (a) during reading cubjcct: maka idlloyncratic,
coordinated patterns of head and eye movement, including unusual features such an eplodea
of head and eye moving in opposite directions; (b) eye rotations compensate well for head
rutations and translations, leaving residual image velocities comparable to those observered
on the biteboard (n.b., image velocities are large enough to move the image at least one



lettoor space during a reading pauset How do we son in the presence of much smear?); ((c))
maccade rates are fastar with free rather than fixed heads and faster during reading than
during vioual scanningi (d) subjects have difficulty programming simultaneous head and eye
movements with differont spatial. and temporal patterns. Al' thosia remulta nuggeut the
existence of a common, central programmer for head and eye movements, whose activities are
tied to the ongoing visua' and cognitive demands of the task, and whose precise
characteristi~cs have yet to be determined.

5. Kowlor st al. (1909) demonstrated effects of expecteld duratiun on smooth pursuit,
niamely, smooth responses barely got off the ground unless subjects expect the target motion
to continue. There wasn also evidence that velocity and Acceleration saturation, usually
taken to be characteristics of the sensory mechanisms that launch the pursuit responmeu, are
seen only with randomiz'ed target motions, And, therefore, are not true system limitations at
all. Yurthar experiments arc In progress to nail, down this assertion.

6. Its (1990) studied the role of saccadic eye movements in texture perception to
find out which soccadic P41ttcrn, scanning of boundaries or scanning of the symmetric axis,
in mont effective. fie compared the effects of various types of soan patterns, including use
of nu mAccaden whatsoever, in both size and ahape *incrimination tasks. tie found that
saccaden were necessary for detecting the boundary between regions containing different
types of texture elements, but were not needed to perceive the site or shape of texture
patterns containing easily diacrimInable elements. Rletinal image transients, created by
ilickering or jumping the displsy, also helped in finding the boundary, but were not as
effectiva As nAtural saccAdes. Suanning along the symmetric fixis or scanning randomly
c1honesi locations was ineffective. flntndary-scanning was the most effective pattern, but,
aurprivingly, perceptual performance was never as good as it was with easily diaoriminable

t~xtirn lemets.Theam ramuuAtz .iniply thAt saccadroa IiOlpad piia1LvtC thue o*LMCi &fad rhay&@ iuL
tNue cextuce pattern by fACilitnting a atratol'y of uearchnsg for and counting elemental they
did not serve to provide suparate glimpses that would lkiLor be integrated insto a
reprooentation of the pattern as a whole.

7. Kowlor at al. (3989) found t s' *ilow eye movements keep the line of sight very'
stable with single point. targets at eccuo %, &cities out I o at lenst b dug. with such
targets, in contraut to the discs and variv..iP other 2- or 4-loln't. targuts studied in the
past, it is difficult to chuoso oubjeotivii reference poinl~ thAt "tight serve as targets for
a positi~n-mansitive system. The simplest ox'planation is that. sltw vontrol serves to keep
imayes stable, not to bring iimagan to damireii ootttrirna.

8. In progrems is a st~udy to deterw,1r'i the links between asucadin eye m~ovemerito And
visual Attent~i-n in Ali aLtemfpt. to understand ti's nature of thp target selection process that
precodai Lho construction a usacadie programs :me* 01 above). 7n particular, we are
interested in whether saccades are Automatica'Ay drawn to the cente*r of a relative large
atte~nded region or whethar nttention to tie p,:#-.Ao endpoint of the sacicadeO is required#.
The first outcome suggests a low-level spatial, ,)oling process computes the sacaadicr
endpoint based on attened informationj the mecont1 suggests the endpoint is determined by
highor-level. attentlonal allocation. We are also interested In whether any independent
control of saccadic endpoints is poussAble without changing the distribution oif attention
(i.a., separate perceptual alid motor "attentions" ).

9, Alro in progress in collaboration with Collewijn and Steinmner is work an a book
deffioribinu a now Altinrnataa tin nnitillimni-np. thioru P%-.-- ar!ýurd 2 .~.~

subsystems rather thal tila traditional notion of 5 or more separolte subays , ms. Tile
multiple uLask~yuasm approach holds that. effeactivii coculoinotor performance is achieved by a
number of independent meohanisins vach respondin~g to a single sensory cue. According to the
imultple Pubsystemn A~ploacho the outputs of these subsystems are riot expl~icitly integ atedl
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Oculonmotor performance is determined Instead by whichever sensory signal momentarily
dominates (e.g., at low frequencies of oscillation of a subject, the visual pursuit
subsystem Lu believed to dominate the vestibular; the domination reverses at high
frequencies). Our 2 subsystem approach holds that various sensory cues are integrated at a
relatively high level in order to produce a single representation of target position in 3-D
spac. which servos to guide either smooth or maccadic movemgents of the eye. A contract with
Sinauer tfo write this book has beon obtained.
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